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Abstract. Due to the incompatibility of the nonlinear realization of superconformal 
symmetry and dilatation symmetry with the dilaton as the compensator field, in the 
present paper it shows an alternative mechanism of spontaneous breaking the N=2 
superconformal symmetry to the N=0 case. By using the approach of nonlinear 
transformations it is found that it leads to a space-filling brane theory with Weyl 
scale W(l,3) symmetry. The dynamics of the resulting Weyl scale invariant brane, 
along with that of other Nambu-Goldstone fields, is derived in terms of the building 
blocks of the vierbein and the covariant derivative from the Maurer-Cartan one- 
forms. A general coupling of the matter fields localized on the brane world volume 
to these NG fields is also constructed. 



I. Introduction 

In 1960s, being a powerful tool nonlinear realization method was used to study 
the low energy dynamics of the chiral symmetry [1] , especially for the case when the 
full symmetry was spontaneously broken and the partners of the Goldstone bosons 
became massive and decoupled from the dynamics of the NG bosons. Later on, in 
Ref.[2] a general approach of nonlinear realization was given in terms of compact 
semisimple Lie groups, in which the full symmetry group was realized in terms of 
the nonlinear transformations of the NG fields which were promoted from the expo- 
nential parameters of the Coset representative elements, and these transformations 
were isomorphic to the left action of the general group elements on the Coset. There- 
fore, the transformations of the NG fields, together with that of the spectator fields 
which transform linearly under the unbroken subgroup H, give a complete repre- 
sentation of the full symmetry group. The resulting phenomenological Lagrangian, 
which is model independent, becomes an effective theory at energies far below the 
scale of spontaneous symmetry breaking. Nonlinear realization was also extended to 
include spacetime symmetries [3, 4], in which the spacetime translational generators 
and the broken symmetry generators transform independently under the stability 
group. Recently, extensive research work of nonlinear realization has been extended 
to describe the dynamics of the brane theories [5, 6, 7]. Consider a topological defect 
embedded in a target space. Its world volume then has the symmetries of the un- 
broken stability subgroup, whileas its long wave oscillations into the co-dimensional 
(super) space are described by the Nambu- Goldstone (Goldstino) modes associated 
with those broken symmetries [6, 7]. 

In this paper, we construct the nonlinear realization of spontaneously broken 
N=2 superconformal symmetry by using Weyl scale invariant brane theories. As for 
the extended SUSY theory which includes more than one spinor supercharge, it is 
possible that it may arise from higher dimensional theories in some supersymmetric 
models or in some effective theories derived from higher dimensions via dimensional 
reductions. It is also well known that it plays an important role in understanding 
nonperturbative aspects of supersymmetric theories [8]. In the present context, it 
has been discussed that the N=2 superconformal symmetry could be spontaneously 
broken by different approaches [9]. It may be partially broken down to the N=l Su- 

2 



per Poincare symmetry or to N=2 Super Poincare symmetry. Since supersymmetry 
must be broken for a realistic theory, in the present paper we consider the case when 
N=2 superconformal symmetry is totally broken down to N=0 supersymmetry. 

It has been pointed out that the nonlinear realizations of supersymmetry and 
dilatation symmetry are not compatible when the dilaton is taken as the compen- 
sator field [10]. Therefore, in the present paper, one of its purposes is to show an 
alternative mechanism that describes the total supersymmetry breaking of the N=2 
superconformal group. As it shows below, it would lead to a theory with Weyl scale 
invariant symmetry. 

Consider a model, a space filling brane embedded in D=4 spacetime. Taking 
the static gauge, the spacetime coordinates therefore line up with the variables 
£ M which parameterize the brane world volume, i.e. £ M = x M (we take static gauge 
in what follows of this paper). The target superspace has the N=2 superconformal 
symmetry, and the embedded submanifold has unbroken Weyl W(l, 3) symmetry, 
which is formed by the set {P^, D, M^}. Then the low energy effective action of 
the system, which is scale invariant under the transformation of £ M — > e d £ M , can be 
described by long wave oscillations of the brane into the superspace associated to 
the Grassmann coordinate directions A, A, as well as the dynamics of the Nambu- 
Goldstone mode corresponding to broken generator A of the internal space. 

On the other hand, the purpose of the paper is to explore more features of the 
well known AdS/CFT correspondence [11, 12]. In the spirit of the AdS/CFT corre- 
spondence, following the outline sketched by this paper one can find it paves a way 
to embed a probe brane into a AdS x S background and realize the supersymmetric 
isometry of the target space. Associated with the brane, it is expected that there 
would be no destabilized terms due to the branes oscillations into the transverse 
spatial directions. We hope that would shed some light on the appealing aspects of 
the AdS/CFT correspondence in terms of the brane world scenarios. 

The paper is organized as follows. First, in section II, we introduce the N=2 
superconformal algebra, and construct the Coset structure in terms of the unbro- 
ken W(l, 3) subgroup. The general infinitesimal transformations of the coordinates, 
as well as that of the Q a i type Goldstinos, are introduced through the action of 
the full group elements on the Coset representatives, whileas in section III the S m 
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type Goldstino spinors are proved to be superfluous and are eliminated by impos- 
ing covariant constraints. Also in that section, it follows that the vierbein and the 
covariant derivative of the NG field can be derived by means of the Maurer-Cartan 
one-forms. The effective scale invariant brane action is then constructed in terms of 
these building blocks. In section IV, the general coupling of the matter fields local- 
ized on the brane world volume to these NG modes is introduced. The infeasibility 
of taking the Lorentz group as the stability group for the spontaneous breaking of 
the full group is also pointed out, which is due to the fact that the nonlinear real- 
ization of the N=2 superconformal symmetry and the dilatation symmetry are not 
compatible when considering the dilaton field as the compensator field. 

II. Nonlinear Realization of the N=2 Superconformal Symmetry 

The N=2 Superconformal algebra is isomorphic to the simple Lie superalgebra 
sw(2,2|2), real form of s/(4|2). Its algebra includes the conformal algebra: 

[M^, M pa ] = iiji^Mvp + r] up M pa - r] pp M ua - r] U(J M pp ) 

[P p , M kX ] = i(r] pK P x - Vh\Pk), [Kp, M kX ] = i(r] pK K x - r] pX K K ) 

[P p , D] = %P p , [K p , D] = -iKp, [M pv , D] = 

[P fl ,K l/ ] = 2t(r ]pu D-M pu ) (1) 

in which rf v = (+,—,—,—,—). It also has two different types of spinor charges 
Q ai and S", and the commutation relations of these fermion-type charges with the 
conformal group generators and the internal group 577(2) x U(1)r generators have 
the form 

[Q ai , K p ] = a^sl [Sf, K p ] = 0, [Sf, P,\ = ofQfa 
[Qai j D] = —iQ a i, [Q a i, A] = —Qai, [S" , D] = ——iS", [S at , A] = — 
[Qa,M pu ] = l -{a pu )PQp, [Q«,M pu ] = \{a, v )^ 

[Qai, J-j \ = Oi Q aj - -dj Qai, [b { \ — d t bj - -6 j b t (2) 

When N > 1, there is no central charge, and the (anti) commutation relations among 
the fermion-type charges are 

{Qai, Q a } = 26>y aa P„ {Sf, S^} = 25\a^K p 
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{Qai, Q^} = o, {Q m , S?} = 0, {§*, sf} = 
{Qai, 5«} = Si[(an£M, u - 2iD6f\ - 45/(77' + ^A); (3) 

a -a ( 1 \ 1 / 

we take the notation e a p = = —e ap = —e ap = J J , and = -i{a^a v — 
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Ci/C/i)- Where A is the generator of U(1)r, and the SU(2) generators T- satisfy 

[T!,T l k ] = 5\rl-5iTl (4) 

where i,j = 1,2. Consider the case when the N=2 superconformal symmetry is 
spontaneously broken down to the N=0 case. We choose the unbroken subgroup as 

W(l, 3) x SU{2) (5) 

in which W{\, 3) is the Weyl group, formed by the set {P M , D, M^ u }[10]. Therefore, 
the group elements of the stability subgroup H are written as 

h = jUD+rn^M^Ti) ^ 

which is spanned by the set of generators {D, M^ U ,T-}, and from Eqs.(l, 2) we can 
find these generators are automorphism of the broken generators Q,Q, S, S, K^, A 
which are associated with the collective coordinates A, A, <;, <j, M and a respectively. 
Therefore, the Coset is shown to be 

n = G/H (7) 
In static gauge their representative elements can be parameterized as 

Q = e ix»P» e i[\Q+\Q] e i(<;S+sS) e i<f>»K^ e iaA ^ 

The left action of the general infinitesimal elements of the full group G 

g _ giiaVP^+qQ+qQ+sS+sS+WKp+rA+p^M^+dD+effi) ^ 

on the Coset representative elements of Eq. (8) can be uniquely decomposed as the 
product of the Coset Q' and the stability group elements of H, i.e. 



gVL = Q'h 
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Explicitly, we have 

=e «'^ Me! [A'Q+A'0] e *'S+ ? -'S) e #'^, e i«'A e .(/O+m^M^+t;r/) ^-g 



The infinitesimal transformation of the preferred fields can be derived up to the first 
order by considering the variation 5g of the group elements g with 

5g = i(a% + qQ + qQ + sS + sS + WK^ + rA + pTM^ + dD + e}T/') (12) 

Hence, Eq.(lO) becomes 

(l + 8g)n = (n + 5n)(l + 8h) (13) 

furthermore 

tt- l 5gtt - tt- l 5tt = 5h (14) 

Then it is found 

Sl-H^pp + qQ + qQ + sS + sS + WK^ + rA+ 
p^M^ + dD + etjT?)n - n^sn 
=i{fD + m^M, v + t)Ti) (15) 

Consider the pure shift induced by Poincare translation in the four dimensional 
spacetime, i.e., taking g = e mMPM , it is found 

6x» = a", 5X = 5q = 5^ = 5a = (16) 

and 

f = m ^ = t i = o. (17) 
Also, as for the pure shift g = e l ^ gQ+ ^ in the superspace, we have 

6x" = ^(AVft-gVAi); 

6X i = q i ;6X i = q i ; (18) 

as well as = 5(f)^ = 5a = f = m^ u = = 0. Here 5X* etc are the total variation of 
the fields, i.e. 5X 1 = X'(x') — X(x), and the intrinsic variation of the Goldstino fields 
A* is given by 

5 in y = X\x) - X{x') = 5X* - (A(x') - X(x)) 
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= q' + i(\ j a% - q i a tl \)d ll \ i {x) (19) 

which is just the Akulov-Volkov nonlinear transformation of the Goldstino fields 
[14, 15] for the extended Supersymmetries. Besides, by comparing the coefficients 
of the Qi and from both sides of Eq.(15) the general nonlinear transformations 
of the coordinates and the associated Goldstino fields can be derived as following 
(the Goldstino fields q corresponding to S l are superfluous and can be written as 
functions of Aj(x),see Eq.(32')): 

S X » = q m _ i2(X i a»q i - gV"Ai) + i(AVdA; - dXWK) + rAV M A, 

- ^(2AV^ 4l - 2A*<r' t A i ) - |i(2AV^ 5 , - 24^Ai) 

- 2p^„ + (rr^V - ip" V ')(AV^A,^ V ' - AVv^AO- 
^ • 2i(X i a^B 6i - A^Xi) + 2^6^ - x"x I/ 6^ + d • a" 

+ 4(2A - AV^^Ai) + 2\ i a v x l/ s i <T» - 2x v s i a v a >1 X i (20) 

and 

5A* = <f - iirA* + ix^a, + l -A\ + ij4* - ^AV P + + id • A* 

+ a^A* + ia^AV^ - ie{{X k 5) - i^A*); 
<5Ai = ft + iirAj + ix^s^ + -_B M + i_B 4 i - iip^A^ + ^B 6i + -d • Aj 

+ x^Xi + ix^X^ + / -((A/f - i^A<) (21) 

where the inhomogeneous terms play important roles in the nonlinear transforma- 
tion and signal the spontaneous breaking of the extended supersymmetries. (see 
Appendix for definitions of the A s and B s in these equations) 

III. The Effective Action 

The effective action can be derived by using the Maurer-Cartan one-forms which 
are expanded with respect to the sw(2,2|2) generators: 

Vt^dVt = i(cu a P a + u k Q Q k + Lj Qk Q k + Lu Sk S k + Q%S k + u k K a + u A A 

+ u D D + u T fTi + u a »M ab ) (22) 
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Explicitly, they have the form 
iu a = idx a + XWdXi - dXa^Xi- 

iu k Q = dx^ k a^ ia + idX k e^ ia - i{X l ^dXi - d\ i a li \ i )q k a li e* ia ; 
iuiq k = dx^q k a^e~^' M + idX k e~^ ia - i(X l a^dXi - dX t a^X i )(; k a l j i e~^ m ; 

1 a 1 1 

iu Sk = [i^dx\ k a v a il + - A lk \ a , =idx ,) e -^ + [- A 2k \ q . =idX . + -A 3 A 3k \ q . =id - X . + 

^ Aik\ a » = x^d\~d\a»\ + i^iidXk - i^a^dXi - dX^^^a^a^e^ + idq k e~^ 
id>J = {i^dx^a, + 1 B^Je^ + [\ B k \ ql ^ + \ B k \_^ + 

iu a k = -i^'^dx a - (f^Q + ^a,)dxy a + ±2t(B k \^ =id ^ <A fc - 

A lk \ a » =idx „) - itio^o™^ - crw^tet* fa + x a 

- dCcr% + f^cki + id(f) a ; 

iu A = ida + 2dX\i - 2?dX~i - Ca^Va^dXj - dX'a^Xj)^ 

+ q i <*<T li (\ j <r li d\ j - dX j a%) + i(-?a^i + Fw^daf; 
iuj D = -2i(p^dx^ + (<f ^ + tw^dx? + 2%dX\i + 2i?dXi 

- i?c;ia lx (X j a l *dX j - dX J a%) - 2ip^(X j a lx dX j - dX^a^Xj) 

- i^a^Va^dXj - dXWXj)*; 

iu T \ = 4d\ j <« - ^ j d\ - 2^ j a^X k a fX dX k - dX k a"X k )q i 

+ 2q j q i a il (X k (j l *dX k - dX k a"X k ) + 2i(-<?G lx q j + ^a^daf; 

iut = da?'[2i<l>% + ^-vA - " dXa "* + ?d**dK 

+ ^a^a^dXj - d\ i a ll \ j )a ab <i i - ^a ab Qa^X j a^dXj - dX j a%) 

+ 2<p\X l a a dX l -dX l a a X i ); (23) 

where the NG fields are the Weyl spinors X\ q and the axion a, corresponding to 
the broken generators Q i: S 1 and A respectively. And M is the independent collective 
coordinate in the Coset space. It is not treated as the dynamical field [16,17]. In 
addition, not all the NG fields are independent fields. Note from Eq.(2) that 

[St, P,\ = dfQfH (24) 
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Or alternatively, we have 



[s^S? + sfSl P„] = ttpFQf* + sfa^Q™ (25) 

Consider the commutator of NG fields A* of the broken Supercharges Qi with Eq.(25), 

[faS? + stSl P,}, A 7 *] = fadfQfH + sy m6l Q«\ A 7 *] (26) 

The VEV of the right-hand side can be found from the infinitesimal supersymmetric 
transformation of A*: 

< I [«>f QfK + s>^Q"\ A m ] I >~ A°7 ( 27 ) 
Hence, applying the Jacobin identity to the left-hand side of Eq. (26) yields 

< I [45? + s?Slid^}\ >~ -s\af ± (28) 

On the other hand, the NB fields <f of the broken Supercharge Si have the infinites- 
imal supersymmetric transformation properties 

<|[4^ + ^41l>~4^° (29) 

Therefore, from Eqs. (28,29) we can conclude that 

^A 7 * ~ (30) 

Or it can be re-written as 

^ ~ ~\idX<, (31) 

Consequently, are not independent NG fields and can be written as a function 
of the fields A*. In order to eliminate them from the effective action, consider the 
covariant constraints on the one-forms Uq, i.e., Uq = 0. Hence, it is found 

<4 = -\ie-^d,X^ (32) 

where e~ lM is the inverse of the verbein (see Eq.(33) for definition). This is just the 
inverse Higgs mechanism [4]. Similarly, from lDq = 0, it amounts to 

= -\ie-^d^ia^ (32') 
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Therefore, the real Nambu-Goldstone (Goldstino) degrees of freedom are these fields 
A* and a. And the effective action of these modes can be constructed by using the 
building blocks of verbein and covariant derivatives from the one-forms of Eq.(23). 

Consider the covariant coordinate one-forms u a , which can be decomposed with 
respect to the brane world volume coordinate differential one-forms as u a = 
d^e^. The verbein is therefore given by 

C = |?-^V#-^A ? ) (33) 
where x a = (x , x 1 , x 2 , x 3 ), and it becomes 

e, a = S; - HXa'd^Xi - 9 M AV a Aj) (33') 

in static gauge £ M = x M . Hence, the local Lorentz invariant interval becomes 

ds 2 = g^dCdC = Vabu a uj b (34) 

where the metric g^ v = i] ab e^e b . We use Latin letters a, b etc to represent the 
local tangent coordinate indices, and Greek letters /i, v etc for these of the general 
coordinates in what follows. We also take the static gauge unless explicitly indicated 
otherwise. In order to construct the covariant derivative of the field a, since dx^ = 
u; a e~ lM , the one-forms uja can be re-written as uja = uj a D a a, in which 

D a a = e'^id^a - i2d»\\ + t2?d ll \ l + if ^(AV^A,- - d^X 

- i^a^a^d^Xj - d^a^Xj) + (-<f^ + t^)) (35) 

On the other hand, under the action of g of Eq.(lO), the Maurer-Cartan one-forms 
transform according to 

tt'^dQ' = h{Sl~ l dtt)h~ l + hdh- 1 (36) 

It thus follows that the dilatation transformation properties of the verbein and 
covariant derivative in the local Lorentz reference frame are found to be 

uj a -> e d uj a 
e a _> e d e a 

D a a -> e~ d D a a (37) 
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i.e., their scale dimensions are 1,-2, and —1 respectively. In addition, considering 
the transformation of Eq.(37), they are found to be SU(2) singlets. 

Introduce an auxiliary (intrinsic) metric whose scale dimension is 2 as in- 
duced by the scale transformation of £ — > e d ^ on the brane world volume. The 
local Lorentz invariant interval ds 2 has the form 

ds 2 = G^d^dC (38) 

which has scale dimension 2 as a result of scale transformation ds 2 — > e 2d ds 2 . 
Then the effective scale invariant action of the brane world volume is given by 

J ° = ~f / ^V^et^G^e^] 2 

f2 (■ i a a fj\ x\i 

= - t fJ ^^MGii-G^Uy - i(AV»^ - |V>A,)) 

in which det G = det G^ v and the tensor G^ u with scale dimension is —2 is the 
inverse of G^ v . The part inside the square brackets has a scale dimension —2. It 
can be concluded that Eq.(39) is Weyl scale invariant under the transformation of 
£v e d ^. Obviouely, when the spinors A* are set to zero, it reduces to the Weyl 
scale invariant bosonic action [18]: 

f 2 r , 1 f) T a f) T b 

i * = -tj d ^^^h G ^ ab ww ? m 

In static gauge, Eq.(39) becomes 

h = -y J d'x^tGl^G^iS; - ^AVc^A, - c^AVA,)) 

• (6 v b - i(AVUAi - d u \ l a%))] 2 (41) 
Besides, the spinors A* transform as a SU(2) doublet, i.e. 

A'* = (42) 

where the SU(2) operators Tj', with properties (Tj)^ = T/ , have the matrix repre- 
sentation (TyYj = 5 l j,5 l - — ^8j>8 l j- Besides, the spinors \ can be found transforming 
as SU(2) covariant vectors: 

A; = e- (! ^'^ (43) 
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It is thus obvious that i(X l a b d 1/ X i — d v \ l G b \) is SU(2) invariant. As a result, the 
action of Eq.(41) is both scale and SU(2) invariant. 

When considering the dynamics of the Goldstinos A* alone, the auxiliary field 
G^ v can be eliminated from Eq.(41) after applying its equation of motion 

GV = Ae;eJ> Vab (44) 

where A is an arbitrary constant. Then after plugging Eq.(44) into Eq.(41), it 
reduces to 

7 o = -f/ d'xdete; (45) 

in which the coefficient f s is related to the SUSY broken scale. It is just the Akulov- 
Volkov action for the case of the extended supersymmetries. Similarly, applying the 
equation of motion of G^ u to the Weyl scale invariant bosonic action of Eq.(40) will 
lead to the normal Nambu-Goto action 



dx a dx b , 



(46) 



As for the effective scale invariant action of the SU(2) singlet, i.e. the NG field 
a, it can be constructed by using the covariant derivative of Eq.(35): 

h = T A J d 4 x^/\dM\F(G^, e;) V ab D a aD b a (47) 

where the compensator function F(G^ U , e^) has the scale dimension —2, and the 
coefficient and T4 is related to breaking scale of A symmetry. Hence, the complete 
effective action of the fields A* and a is given by 

I = Io + h 

= J d 4 xT AV ^tG\F(G^,epr] ab D a aD b a- 
fi^det^GH^ - i(AV^A - d v \ i o l j\i) 

- iiX^dfA - fyAVA) - (AV^A, - ^AV^XAVUA, - cUV%))] 2 (48) 



IV. Coupling to Matter Fields 
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Consider the presence of matter fields localized on the brane world volume. They 
actually behave as the spectator fields, transforming covariantly under the unbroken 
subgroup H. Their coupling to those NG fields can be obtained by introducing 
covariant derivatives of the matter fields. Consider matter fields in which A 
represents any internal or Lorentz index. It has a N-dimensional representation of 
the group SU(2), i.e. 

$ A & A = e W)2$ B (49) 
likewise, its Hermitian conjugate transforms as 

$ A $' A = e -^( T I)s$^ (50) 

And under the full unbroken subgroup H, the matter field would transform according 
to 

Accordingly, its covariant derivative is given by 

= (d, + i\^t E + id ^D. + i^jTi)^ (52) 

ab 

Where > is the representation of the operators M a b, and d$ is the scale dimension 

^— • 'ab 

of the matter field. The connections uj ab , ujdh and oo 3 T ^ are given by the one- forms 



CO 



ab _ j^n, ,ab 
M 



dx^Up , u>d — dx^ojo^, and ur Ti = dx^Uj,^ respectively. They transform 
inhomogeneously according to Eq.(36). Explicitly, the transformation of the spin 
connection LO ab 

i^d^W^XW'd^ - c^AVA,) - i2 ( f> b (X i a a d^X i - c^AVA.) (53) 

is found to have the synthesis form of the general coordinate transformation of 
Eq.(20) and the inhomogeneous transformation under h according to Eq.(36): 

^ = ^^'^'^ ~ (54) 
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where the A c d matrix is defined by the ordinary Lorentz transformation, x a = A a b x b ] 
and the inhomogeneous term can be derived from that of Eq.(36)as following 

hdh -l = e i(fD+m^M^+t^) de -i(fD+m^M^+tiT^ 



= -idm ab M ab - idfD - idt)T( (55) 

which has been expanded up to the leading order of infinitesimal transformation of 
g in Eq.(9). 

Similarly, it follows from Eq.(23) that the connections uo D = dx^oo Dll has the 
form 

uj D)1 = - 2(f) ^ - i^a^i + ?Q(7 M ) + 2d ii \\ i + 2^8^ 

- f ^(AV^A,- - dpXWXj) + i2<t> v {X j <j v d lx X j - d^avXj) 

- ,'a„iVa"<) i ,X J - d^a%)^ (56) 

in which the non dynamical field M can be eliminated by imposing the covariant 
constraint on the covariant curl C a [17], i.e. 

C; u = = D,e u a - D„e; 

= + i\^ b ' {Y)V v b + iu, D „e v a - d v e; 

a'b> 

-i\^ b \Y)V b ,-^n^ (57) 

a'b' 

Consider the scalar field 0, which has trivial representation of M ab . Therefore, 
the covariant derivative becomes = (d^ — iuo Dll + iu l TfMj T-)(f). Then the scale 
invariant action of the scalar field is shown to be 

U = J d 4 x det eg^D^D u (j) 

= J d 4 x det erfe-^e-^^ - iu D , + ^T})4> 

■ (d v + iu Dv - 1^,^)0 (58) 

and the scalar field has scale dimension —1 . Considering Eq.(49) and (50), it is also 
obviously SU(2) invariant. 

Similarly, consider the fermion fields if), which give a nontrivial representation 
of M ab , i.e. = -i{^ialb — Ibla) ■ Its covariant derivative is then found to be 

^—*ab 2 
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Duip = {du, + ^77 ^u & y^ — i^Du + ^Taj^i)^- Thus its scale and SU(2) invariant 
action is given by 

= J d A x det e^VC^ + 4<E a6 " 4^ + ^m,- W ( 59 ) 

3 

in which the fermion field has the scale dimension — . Therefore the total action 

2 

of the matter fields coupling to these NG fields can be described by 
Im — I® + 

■ {d v + %oj Dv - iu l Tuj T?)(f) 

+ i>ij a e^(d„ + 4<E a6 " 4^ + (60) 

As a result, on the brane world volume the unbroken symmetries H are realized 
linearly on the localized spectator fields, whileas the broken symmetries are realized 
nonlinearly through the Nambu-Goldstone(Goldstino) modes a and A*. On the other 
hand, the full symmetry can also be directly realized on the field itself, such as 
the standard realization [15, 19]. One can start from the linear transformation of 
the matter fields under the stability group H, then promote it to describe the full 
symmetry by taking the parameters of h as these induced form the left action of 
G on the Coset representatives through Eq.(10). Hence the transformation of the 
fields can realize the full symmetry group G, but nonlinearly. 

The Weyl scale invariant brane dynamics has also been extensively studied in 
[18,20-23]. The action of Eq.(48), being a low energy effective theory, describes the 
long wave oscillations of the brane into the Grassmann coordinates of the super- 
space along with the effective dynamics of the localized Nambu-Goldstone mode 
a corresponding to the broken A symmetry. Consequently, by using the approach 
of nonlinear realization, the total action of Eq.(48) gives us an effective theory 
describing the spontaneously breaking of a larger symmetry group, i.e. the N=2 
superconformal symmetry. In fact, the Weyl scale invariant brane action Eq.(41) 
is an extension of its bosonic counterpart action Eq.(40) to include the fermionic 
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sectors as a result of the full supersymmetry breaking. Therefore, the fields localized 
on the brane world volume would be described by the Weyl scale symmetry theory 



Besides, the internal symmetry 577(2) x U(1)r of the extended N=2 Supercon- 
formal symmetry can also be broken down to C/(l)#[28]. Hence, corresponding to 
generators T- , there would be three NG scalar fields present in the effective action 
along with other possible 577(2) broken terms. The existence of these NG parti- 
cles would give rise to long range forces in nature, which may affect astrophysical 
considerations such as contributing new mechanisms for energy loss from stars [19]. 

In addition, it is noteworthy that if one takes the Lorentz group as the stability 
group instead, the dilatation symmetry is also spontaneously broken. Therefore, it 
will result an additional NG field, the dilaton a , whose intrinsic transformation 
yields 



Therefore, the scale invariant effective action of the Goldstino fields becomes 



where the dilaton is introduced as the compensator field. From Eq.(33'), it can be 
concluded that there is a constant term in dete which shifts the VEV and signals the 
spontaneous breaking of the SUSY. When considering together with the compen- 
sator field e~ 4fT , the VEV can be determined by estimating the value of < |e _4f7 | >, 
which becomes minimum when < \a\ > goes to oc. Therefore, due to the unbound of 
the VEV of the dilaton field it follows that a can not be a NG particle. It thus indi- 
cates the incompatibility of the nonlinear realization of the SUSY and the dilatation 
symmetry when taking dilaton as the compensator field [10, 29]. It is interesting 
to note that if one takes the Lorentz group as the stability group and works on the 
superspace parameterized by the Coset space, it will lead to the supersymmetric 
theory (superbrane) as discussed in [5, 30]. However, this is not our case in the 
present context. 

Besides, due to the absence of the dilaton in the effective action (41), according to 
the Ad5/CFTcorrespondence, one may expect it is feasible to embed a probe brane 
in a supersymmetric AdS x 5 space. And following the outline of the present paper, 



[13, 24-27]. 



d + a 



(61) 




(62) 
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the supersymmetric isometry group of the background space can be realized through 
the dynamics of the brane but with no destabilized terms resulting from oscillations 
in the transverse spatial directions. That would be instructive to explore more 
aspects about AdS/CFT correspondence. Further work about this correspondence 
is being investigated and it would be of interest to the theory of brane world scenarios 
as well. 



The author thanks the support of the HEP group of Physics Department at 
Purdue University. The author also thanks Muneto Nitta for some useful comments. 
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Appendix 



The As and -Bs in Eqs. (20,21,23) are defined as following: 



(i) 



where 



e-^s+^^p^s+^s) = _ _ _ + ^(A lk S k + B*S k ) + 



n 



(iv) 



+ 4i(-f a^a\ + f^a")^ + 2i?a lx a%<; k 
- Ai(-^a% + ^j^)q j 5 k + li^^o^ 



1 



e -i(,s+,-S) q Q e i(,s+,S) = _ _ _ + i(^ 2fci5 fc + + . 

2 



where 



m 



where 



e-^ s+? ^qQe^ s+ ^ = ... + =-(A 3k S k + B k S k ) + 



A 3k = --^(T^q^a^ - ^q^jSl 
B k = -\^q^ k a, v + k'q : (,'^ - l -5)^ k ) 



e -i(\Q+\Q) sSe i(\Q+XQ) = _ _ _ + £(A*Q fc + E 4fe Q fe ) + 
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where 

A\ = -AV^A V + WsjiXS* - ^5j\ k ) (All) 
B 4k = -Xa^s t h k a^ - \X's r \Al (A12) 

(v) 

e -i(XQ + XQ)- §e i(XQ+XQ) = _ _ _ + I(A?g fc + 55fc Qfc) + . . . ( Al3 ) 

where 

A* = sV^AV - (A14) 
S 5fe = s^A^A fc <v + U'A,(A,4 - i«jfA fc ) (A15) 

(vi) 

^(Ag+Aejji.^eW+AO) = . . . + I(4g fc + B 6k Q k ) + ... (A 16) 

where 

A," = -i^-X'a^'X^ + ^'AV^A^A V - 2WX%a,X k + 

Ab^X%a^ - AV M A,)A^] (A17) 

£ 6fe = -^(-AV^6 Q V a , + ^'AV^A^A^ - 2tfX%X~X k - 

46 M (A i AjO' M — X i a^Xj)Xi5l (A18) 

(vii) In Eq.(23), X M is defined as following 

+ ^2i{B k a\ k - s k a»A 3k ) + ^2i{B k a\ k - ^A lk ) - ^,a" (A19) 
where a" = Xa^dX - dXa^X. 
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